wo 2005/003875 



PCT/FI2004/000392 



1 

Arrangement for monitoring the location of a mining vehicle in 

AMINE 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a method of monitoring the location 
of a mining vehicle in a mine, the method comprising: driving at least one min- 
ing vehicle during one work cycle at least in a first work area and in a second 
work area of the mine; determining data on the location of the mining vehicle in 
the mine; transferring said location data to a mine control system; employing, 
in location data transfer, a data communication connection communicating with 
the mine control system; and employing the obtained location data in the mine 
control system for monitoring the operation of the mining vehicle. 

[0002] The invention further relates to a system for monitoring the 
location of a mining vehicle in a mine, the system comprising: a first work area 
and a second work area In the mine, In which areas the mining vehicle is ar- 
ranged to drive during one work cycle; at least one measuring device for de- 
termining the distance travelled by the mining vehicle, and further at least one 
measuring device for detemninlng the direction of the mining vehicle; a mine 
control system; at least one control unit arranged In the mining vehicle; at least 
one data transfer connection for data transfer between the control unit of the 
mining vehicle and the mine control system; and in which system: location data 
of the mining vehicle are arranged to be transferred via the data transfer con- 
nection from the mining vehicle to the mine control system. 

[0003] Different mining vehicles are used in a mine, such as rock 
drilling rigs, loading vehicles and transport vehicles. The mining vehicles may 
be manned or unmanned, and they can be equipped with measuring devices 
suitable for determining the location. In severe mining conditions, measuring 
error may easily occur, which makes the location determination inexact. This 
being so, the location of the mining vehicles operating in the mine cannot be 
monitored sufficiently accurately. 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] The object of the present invention is to provide a new and 
improved method and system allowing the location of a mining vehicle in a 
mine or the like to be monitored. 

[0005] The method of the invention Is characterized by determining 
the location of the mining vehicle substantially continuously on the basis of a 
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dead reckoning, wherein the distance travelled is calculated and the travel di- 
rection is detemnined; identifying, when operating in the first work area, at least 
one Identifier whose location is accurately known; determining the location 
data of the mining vehicle on the basis of the identification data; and updating 
the location data determined in the dead reckoning on the basis of the location 
data of the identifier when driving in the first work area. 

[0006] The system of the invention is characterized in that the loca- 
tion of the mining vehicle is arranged to be determined substantially continu- 
ously on the basis of a dead reckoning by taking into account the distance 
travelled and the direction; that at least one identifier whose location is known 
to the control unit is arranged in the first work area; that the mining vehicle is 
arranged to identify the identifier when driving in the vicinity of the identifier; 
that the control unit is arranged to determine location data on the basis of the 
identification data; and that the control unit is arranged to update the location 
determined in the dead reckoning on the basis of the location data of the iden- 
tifier. 

[0007] The essential idea of the invention is that the mining vehicle 
comprises means for what is called a dead reckoning. In this case, the mining 
vehicle is equipped with measuring devices for determining the distance trav- 
elled and the direction of the vehicle. During the work cycle, the mining vehicle 
drives in at least two work areas, I.e. a first and a second work area. The dead 
reckoning is employed for determining the location in both work areas. Fur- 
thermore, at least one identifier whose location is accurately known is arranged 
in the first work area. When operating in the first work area, the mining vehicle 
is able to identity the identifier and determines its location based thereon. 
These location data can be employed for correcting any errors in the dead 
reckoning. In other words, this allows the location obtained by the dead reck- 
oning to be updated. The control unit of the mining vehicle can use a wireless 
network or another data transfer connection to transmit the location data to the 
mine control system, which is thus informed of the exact location of the mining 
vehicle and is thus able to accurately monitor the operation of the mining vehi- 
cle in the mine. Monitoring the location of the mining vehicles operating in a 
mine allows the tasks performed in the mine to be controlled more efficiently 
than previously and furthermore it allows the realization of the plans concern- 
ing the mine to be monitored. 

[0008] The essential idea of an embodiment of the invention is that 
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one or more identifiers are arranged in predetermined critical locations in the 
first work area. Such locations may include for instance unloading stations, 
connecting tunnels, and other main passages in the mine. 

[0009] The essential idea of an embodiment of the invention is that 
the Identifier is a transmitter. In this case, one or more transmitters arranged to 
transmit a signal may be arranged in the first work area. When the mining ve- 
hicle is in the coverage area of such a transmitter, it is able to receive a signal 
and use the signal as assistance in positioning. 

[0010] The essential idea of an embodiment of the invention is to 
use a transmitter that transmits a radio-frequency signal as the identifier. The 
mining vehicle comprises a data transfer unit that is able to receive the signal 
when the mining vehicle is within the coverage area of the transmitter. The 
transmitters may be independent units, whereby they do not need to be con- 
nected to the mine control system or other networks. Accordingly, arranging 
individual transmitters in the mine is relatively simple. 

[0011] The essential idea of an embodiment of the invention is to 
generate an electronic map of the route driven by the mining vehicle. Route 
points whose coordinates are stored in the electronic map are determined for 
the route at predetemnined Intervals. Furthenmore, identifiers, in this case, 
transmitters, are arranged in the first work area. When the mining vehicle is 
within the coverage area of such a transmitter, the coordinates of the route 
point closest to said transmitter are determined as the location of the mining 
vehicle. This may be performed by the transmitter being arranged to transmit 
the location data of said route point, which the mining vehicle receives. Alter- 
natively, the transmitter transmits identifier data, based on which the mine con- 
trol system or the control unit in the mining vehicle combines the received iden- 
tifier data and the location data of the nearest route point of the transmitter. 

[0012] The essential idea of an embodiment of the invention is to 
employ a visually readable identifier as the identifier. The visual identifier may 
comprise for instance a remote-readable code, such as a bar code or the like. 
The code may comprise location data, for example. Such a visual identifier can 
be read for instance with a laser scanner or a camera, 

[0013] The essential idea of an embodiment of the invention is to 
employ an identifier comprising a receiver. In this case, when driving in the first 
work area, a signal can be transmitted from a transmitter comprised by the 
mining vehicle for reading the identifier. The transmitter of the mining vehicle 
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may be arranged to identify the moment when the receiver of the identifier re- 
ceives the signal transmitted by the mining vehicle. This way information is 
obtained stating that the identifier is located within the coverage area of the 
transmitter comprised by the mining vehicle, allowing the location of the mining 
vehicle to be determined to be the coordinates known in advance of the identi- 
fier read. The identifier may be a so-called RF tag. 

[0014] The essential idea of an embodiment of the invention is that 
at least the first work area is provided with a wireless network comprising a 
plurality of base stations. The base stations may also be some kind of identifi- 
ers arranged in the mine. The location of the mining vehicle may be deter- 
mined by means of positioning carried out in the wireless network when the 
mining vehicle is within the coverage area of one or more base stations. 

[0015] The essential idea of an embodiment of the invention is that 
the mining vehicle is a loading vehicle comprising a bucket for transporting and 
loading mined material. The first work area of the mine is an unloading site for 
broken rock and the second work area is a loading site that may be located in 
the production tunnel of the mine. When the loading vehicle is driven at the 
loading site, only the dead reckoning is employed for location detenmination. 
When driving takes place at the unloading site, both the dead reickoning and 
the location data determined based on the identifier are utilized in location de- 
termination. 

BRIEF DESCRIPTION OF THE FIGURES 

[0016] The invention will be described in more detail in the attached 
drawings, wherein 

Figure 1 is a schematic side view of a mining vehicle, 

Figure 2 is a schematic top view of a mining vehicle and work areas 

in a mine, 

Figure 3 is a schematic top view of a mining vehicle and one of its 
work cycles, 

Figure 4 is a schematic top view of a part of a mine provided with 
the monitoring system according to the invention, 

Figure 5 is a schematic top view of a solution for determining the lo- 
cation of a mining vehicle in a wireless network, and 

Figure 6 is a schematic top view of a second solution for determin- 
ing the location of a mining vehicle in a wireless network. 
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[0017] In the figures, the invention Is shown In a simplified manner 
for the sake of clarity. In the figures, like parts are designated by like reference 
numerals. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] Figure 1 shows a mining vehicle 1, in this case a loading ve- 
hicle whose front end comprises a bucket for transporting and loading mined 
material. Alternatively, the mining vehicle 1 may be a rock drilling device or a 
transport vehicle provided with a platform, for example. The mining vehicle 1 
comprises a movable chassis 2 having a plurality of wheels 3, of which at least 
one is a traction wheel, which an engine 4 employs by means of power trans- 
mission 5. The power transmission 5 usually comprises a gearbox 6 and nec- 
essary cardan shafts 7, differentials and other transmission means for transfer- 
ring the rotation torque from the engine 4 to the traction wheels. In addition, the 
mining vehicle 1 is provided with a control system comprising at least a first 
control unit 8 arranged to control the actuators in the mining vehicle 1 for steer- 
ing and using the vehicle. Furthermore, the mining vehicle 1 may comprise a 
data transfer unit 9 or a terminal by means of which the first control unit 8 is 
able to establish a data transfer connection 9a to a wireless network 10 in the 
mine, and furthermore, use the wireless network 10 for communicating with a 
second control unit 12 comprised by a control system 11 of the mine. When 
several mining vehicles are operating simultaneously in a mine 17, the network 
10 may be arranged to identify an identifier or code transmitted by the mining 
vehicle 1 , enabling the identification of each mining vehicle 1 operating in the 
mine 17 at all times. The wireless network 10 comprises a plurality of base sta- 
tions 13 that may communicate with each other and to the outside of the net- 
work. The connection between the wireless network 10 and the mine control 
system 1 1 may be wireless or wired. The mine control system 1 1 and the sec- 
ond control unit 12 comprised by it may be located in a control room 14, which 
may be arranged outside the mine. The control units 8 and 12 may be com- 
puters or corresponding devices. 

[0019] In some cases, the data transfer connection 9a between the 
mining vehicle 1 and the mine control system 1 1 may also be wired. 

[0020] The mining vehicle 1 may be manned, whereby it comprises 
a control cabin 15 for an operator 16. The operator 16 is responsible for steer- 
ing the manned mining vehicle 1 , whereby exact positioning is not necessarily 
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required for steering such a mining vehicle 1. On the other hand, the mining 
vehicle 1 may be unmanned. An unmanned mining vehicle may be controlled 
by remote control from a separate control room for instance based on a video 
image, or an independently controlled mining vehicle provided with a naviga- 
tion system may be concerned. 

[0021] The mining vehicle 1 may comprise means for determining 
its location. The location of the mining vehicle 1 may be determined by what is 
known as the dead reckoning technique, provided the distance travelled and 
the direction of the vehicle are known. The direction of the mining vehicle 1 can 
be found out for instance by means of a gyroscope 31 or the like. The distance 
travelled, in turn, may be calculated in the control unit 8 of the vehicle after 
suitable sensors 30 have first measured rotational data directly from a wheel 3 
of the vehicle 1 , or, altematively, from the power transmission 5 or the engine 
4. The rotational motion of the wheel 3 can be calculated in the control system, 
provided the transmission ratios are known. Furthermore, the control unit 8 is 
able to calculate the magnitude of the distance travelled by the vehicle 1 based 
on the rotational motion and diameter of the wheel 3. There are also other 
ways to measure the distance travelled. For example, the speed of the mining 
vehicle 1 can be measured by using suitable sensors to measure the motion of 
the vehicle relative to the ground. In addition to the above devices, the mining 
vehicle 1 may also comprise other devices employed for detemiining the loca- 
tion. Examples include various laser scanners 19, ultrasound devices and the 
like. 

[0022] Location data may be transmitted by using the wireless net- 
work 10 to the second control unit 12 comprised by the mine control system 
11. The mine control system 11 can use the location data to monitor the 
movements of the mining vehicle 1 in the mine. The mine control system 1 1 
may comprise a user interface enabling manual monitoring of the operating of 
the mining vehicles 1 in the mine 17. Furthemiore, the mine control system 11 
keeps a record of the movements of the mining vehicles 1 in the mine, and, in 
addition, the mine control system 1 1 may issue different reports and messages 
regarding the results of the monitoring. The control system 1 1 may also be ar- 
ranged to give new working instructions based on the monitoring to the opera- 
tor of the mining vehicle. 

[0023] Figure 1 shows that one or more identifiers 29a to 29c may 
be anranged in the mine 17, and they can be used for exact determination of 
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the location of the mining vehicle and for conrection of any error in the dead 
reckoning. The identrfier may be a visual mark, such as identifiers 29a and 29b 
in the figure, or it may be an electronic device, such as identifier 290. 

[0024] Figure 2 shows that work areas may be arranged in the mine 
17, in this case a first work area 18a, a second work area 18b. and a third work 
area 18c. The mining vehicle 1 may be arranged to drive during one work cycle 
from the first work area 18a to the second work area 18b and further through 
the second work area 18b to the third work area 18c. The second work area 
18b may be a production tunnel through which the mining vehicle 1 is arranged 
to drive. The first work area 18a and the third work area 18c may be areas 
wherein the conditions are better than in the production tunnel, allowing identi- 
fiers 29 to be arranged therein. One or more identifiers 29 may be arranged in 
the first work area 18a and the third work area 18c in exact, predetermined 
places. The exact locations of the identifiers 29 can be stored in the mine con- 
trol system 1 1 and in the control unit 8 of the mining vehicle 1 . In the first work 
area 18a and in the third work area 18c, the location of the mining vehicle 1 
can be determined exactly based on the identifiers 29. On the other hand, the 
second work area 18b comprises no identifiers at all, but in that part, the loca- 
tion is determined based only on the dead reckoning technique. 

[0025] The identifier 29 shown in Figure 2 may be a transmitter 
whose operation may be based on the use of radio frequencies. The identrfier 
29 can be fastened to a wall surface 20 in a mine gallery, for example. The 
transmitter may transmit a radio signal, which the data transfer unit 9 of the 
mining vehicle 1 may receive. The radio signal may comprise identification 
data, based on which the control unit 8 in the mining vehicle 1, having received 
the signal, identifies the identifier 29 involved in each particular case. The loca- 
tion data of the identifiers 29 have been stored in or transmitted before the op- 
eration to the control unit 8 of the mining vehicle 1 by means of the wireless 
network 10. When the mining vehicle 1 enters the coverage area of the trans- 
mitter, the data transfer unit 9 may receive the signal and the control unit 8 is 
able to determine the location of the mining vehicle 1 based on the location of 
the identifier 29. The control system 8 may compare the location determined 
by means of the dead reckoning and the location determined with the identifier 
29, and, based on this comparison, update the location data generated by the 
dead reckoning. The mine control system 11 may be informed about the up- 
dated location data via the wireless network 10. allowing the exact location in 
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the mine of the mining vehicles 1 operating in the mine to be monitored. This 
allows any errors resulting from tyre slippage and inaccuracy of measuring de- 
vices, for example, to be corrected in the dead reckoning. 

[0026] The transmitter shown in Figure 2 may be any device based 
on wireless data transfer, capable of transmitting a receivable and identifiable 
signal. Accordingly, in addition to transmitters operating at the radio frequency, 
other relatively short-range transmitters can also be used. The transmitter may 
be an independent device that is not coupled to any network or other transmit- 
ters. This makes the arranging of a transmitter in the mine 17 simple and fast. 
The structure of the transmitter should be suitable for severe mining condi- 
tions. In addition, the transmitter may comprise fastening means by means of 
which it can be fastened to the wall 20, ceiling or floor of a mine gallery, for 
example. 

[0027] Figure 3 shows a second mine 17 having a first work area 
18a and a second work area 18b. In the first work area 18a, one or more 
unloading sites 22 may exist. Furthermore, one or more identifiers 29 are ar- 
ranged in the first work area 18a, allowing the location detemnination of the 
mining vehicle 1, based on the dead reckoning, to be updated. The second 
work area 18b, in turn, is a production tunnel, wherein the determination of the 
location of the mining vehicle is based only on the dead reckoning technique. 
When the mining vehicle 1 drives in the first work area 18a, its location is rela- 
tively accurately known. Furthermore, when the mining vehicle 1 continues its 
drive in the second work area 18b towards a loading site 23, usually a suffi- 
ciently accurate location is found out by the dead reckoning. However, in con- 
nection with loading, when the mining vehicle 1 is driven towards a pile of bro- 
ken rock, the wheels 3 may slip, creating error in the dead reckoning. Similarly, 
for instance slippery spots in the production tunnel and marked roughness of 
the ground may cause measurement errors. Accordingly, in a situation when 
the mining vehicle 1 retums from the second work area 18b towards the first 
work area 18a, location determination based on the dead reckoning is no 
longer accurate. When the mining vehicle 1 enters the first work area 18a, its 
location can be determined by means of the identifier 29. The identifier 29 may 
be a so-called RF (Radio Frequency) tag comprising a receiver When the RF 
tag is in the coverage area of the data transfer unit 9 of the mining vehicle 1 or 
a transmitter provided therein, and it receives a signal from the transmitter, the 
RF tag is activated. This can be observed in the mining vehicle 1 and may be 



wo 2005/003875 



PCT/FI2004/000392 



9 

used as the basis for concluding tliat the mining vehicle 1 is located at said 
identifier 29, 

[0028] Furthermore, in the first work area 18a, the identifiers 29 may 
be placed at locations that are critical from the point of view of monitoring. 
Such locations may include unloading sites 22, for example. In addition, the 
identifiers may be arranged at locations requiring special monitoring of the traf- 
fic in the mine. Such locations may include for instance crossings of mine gal- 
leries, narrow and badly traversable stretches, and stretches having much traf- 
fic, etc. 

[0029] Figure 4 shows part of an underground mine 17. Alterna- 
tively, the mine 17 may be an opencast mine or the like. The mine 17 may 
comprise one or more connecting tunnels 24 and one or more production tun- 
nels 25. The connecting tunnels 24 constitute the first work area 18a of the 
mine, and the production tunnels 25 constitute the second work area 18b of 
the mine. Actual rock breaking, for instance by blasting or mining, takes place 
in the production tunnel 25. The rock material, broken from the rock, can be 
transported with the transporting vehicle 1 from the loading site 23 in the pro- 
duction tunnel 25 to the connecting tunnel 24 and further to the unloading site 
22, such as a transport shaft or a suitable conveyor. Several production tun- 
nels 25 may communicate with the connecting tunnel 24, and, on the other 
hand, the connecting tunnel 24 may be provided with several unloading sites 
22, as Figure 4 shows. The production tunnels 25 may be very long, up to sev- 
eral hundreds of meters long. In addition, the conditions in the production tun- 
nels 25 are severe because of drilling and blasting, for example, i.e. infrastruc- 
ture exterior to the mining vehicle 1 is difficult to build in the production tunnels 
25 for use as help in positioning. However, at the front end of each production 
tunnel 25, a base station may be placed by means of which a transport vehicle, 
a rock drilling rig or any other mining vehicle 1 operating in the production tun- 
nel is able to establish a communication connection to the mine control system 
11. The operation of the mining vehicles 1 in the mine 17 is monitored by the 
mine control system 1 1 . When the mining vehicle 1 operates In the production 
tunnel 25, the location can be determined by means of devices in the mining 
vehicle 1 . The location may be determined by using a so-called dead reckon- 
ing, i.e. by measuring the distance travelled and by determining the direction of 
travel. In the portion of the connecting tunnel 24, the dead reckoning can be 
corrected by identifying one or more identifiers 29 in the connecting tunnel 24, 
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the location of the identifier 29 being accurately known, 

[0030] Figure 5 shows a manner of determining the location of a 
mining vehicle 1 in a wireless network 10 created in the first work area 18a. 
The wireless network 10 may comprise a plurality of base stations 13a to 13c. 
The base stations 13a to 13c are also certain kind of identifiers 29, whose lo- 
cation in the mine 17 is accurately known. As the mining vehicle 1 moves 
within the coverage area of the wireless network 10, the data transfer unit 9 in 
the mining vehicle 1 is able to establish a connection to one base station 13a 
to 13c at a time on the basis of predetermined criteria. The connection can be 
established to the base station closest to the mining vehicle 1 at each particu- 
lar time, in this case to base station 13a, which has the strongest signal. In this 
case, the signal strength between the base station 13a and the data transfer 
unit 9 of the mining vehicle 1 is good. When the mining vehicle 1 moves in the 
mine 17 fonA^ard to the coverage area of the following base station 13b, the 
data transfer connection 9a can be changed to base station 13b. Such choice 
of base stations 13a to 13c in the network 10 is quite normal communication 
technique perse. However, the connection to the base station 13a to 13c can 
also be used for determining the location of the mining vehicle 1. In the sim- 
plest case, the location of the base station 13a to 13c with which the mining 
vehicle 1 communicates at each particular time can be selected as the ap- 
proximate location of the mining vehicle 1. The locations of ail base stations 13 
are known to the mine control system, allowing the movements of the mining 
vehicle 1 in the mine 17 to be monitored with sufficient accuracy. The advan- 
tage of location determination based on the choice of base stations 13 is that it 
is simple to implement and yet sufficiently accurate for monitoring operations. If 
need be, a simple manner of improving the accuracy of location determination 
carried out in the wireless network 10 is to increase the number of base sta- 
tions 13, i.e. improve the density of the network. Furthermore, in the mine 17, 
the base stations 13 may be located at locations that are critical as far as 
monitoring is concerned. Such locations may be unloading and loading sites, 
for example. 

[0031] Figure 6 shows a second solution for location determination 
in a wireless network 10. The base stations 13 in the wireless network 10 are 
certain kind of identifiers 29 whose position in the mine is accurately known. 
The location of the mining vehicle 1 can be carried out by calculating the loca- 
tion of the mining vehicle 1 within the coverage area of two or more base sta- 
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tions based on the strength of the signals transmitted by the base stations 13. 
This enables the detemnination of relatively accurate coordinates for the mining 
vehicle 1. The technique disclosed for Instance in WO publication 02/054813 
can be applied in the solution for determining the location in a wireless net- 
work. 

[0032] Let it be mentioned that the systems according to Figures 5 
and 6 can utilize any wireless network 10 based on base stations and suitable 
both for data transfer and location determination. In other words, a radio net- 
work, such as a mobile telephone network, can be involved. As examples of 
mobile telephone networks, the GSM (Global System for Mobile Communica- 
tion), GPRS (General Packet Radio Service) and UMTS (Universal Mobile 
Telecommunications System) networks can be mentioned. Furthermore, the 
wireless network may be for instance a WLAN network (Wireless Local Area 
Network). If need be, other wireless local area network techniques described in 
standard IEEE 802.1 1 can also be applied. Other examples of wireless local 
area networks include a HiperLAN network (High Perfonnance Radio Local 
Area Network) and a BRAN network (Broadband Radio Access Network). 

[0033] In some cases, the location can be detenmlned in the first 
work area by using several different identifiers. Accordingly, combinations of 
the above-described applications are feasible. 

[0034] The drawings and the related description are only intended 
to illustrate the inventive idea. The details of the invention may vary within the 
scope of the claims. 



